Background: There have been limited studies directly comparing the long-term efficacy between entecavir (ETV) and tenofovir disoproxil fumarate (TDF). This study was aimed to compare the long-term efficacy between them in treatment-naïve chronic hepatitis B (CHB).
barriers than other antiviral agents [9] [10] [11] [12] [13] . In reality, ETV and TDF showed high virologic responses of up to 93% and 100%, respectively, and a rare genotypic resistance of only 1.2% and 0%, respectively, during the 5-year follow-up in a cohort study [14, 15] .
Although there have been a few reports comparing the short-term efficacy directly between TDF and ETV in treatment-naïve CHB, there is still little available clinical information about the long-term efficacy. Therefore, we performed this study to compare the long-term efficacy between TDF and ETV in treatment-naïve CHB patients.
Methods
Patients and study design A total of 345 treatment-naïve CHB patients who received a single regimen of either TDF (n = 145) or ETV (n = 200) for at least 12 months were consecutively enrolled from 4 tertiary university hospitals in Korea between January 2011 and December 2014. Because TDF or ETV use was not randomly assigned, potential confounding and selection biases were accounted for by developing a propensity score. Among a total of 345 patients, 210 patients were selected using propensity score match, at a ratio of 1:1. Patients with the following characteristics were excluded: 1) other viral infections such as HCV, HDV and HIV, 2) other concomitant liver diseases such as alcoholic liver disease and autoimmune liver disease, or 3) HCC. Patients were monitored by clinical examination and biochemical and virologic assessments at least every 3 to 4 months during the antiviral therapy.
The study protocol was approved by the Hallym University Medical Center Institutional Review Boards (IRB No. 13-1-49).
Serum assay and methodology
Biochemistry was performed using standard laboratory procedures. Hepatitis B surface antigen (HBsAg), antibody to HBsAg (anti-HBs), HBeAg, and antibody to HBeAg (anti-HBe) were measured using microparticle enzyme immunoassay (Abbott Laboratories, North Chicago, IL, USA). Serum HBV DNA levels were measured using a COBAS TaqMan PCR assay (Roche, Branchburg, NJ, USA; lower limit of detection 20 IU/mL).
Definitions
Primary non-response was defined as a failure to reduce serum HBV DNA levels by >1 log 10 IU/mL after 3 months of therapy [16] . A high HBV DNA level was defined as a serum HBV DNA level greater than 6 log 10 IU/mL. Initial virologic response at 3 months (IVR-3) and virologic response (VR) were defined as an HBV DNA level <3.3 log 10 IU/mL after 3 months of therapy [17, 18] and an undetectable HBV DNA level (<20 IU/ mL) during the therapy, respectively. A biochemical response was defined as a normalization of the serum alanine aminotransferase (ALT) levels. Virologic breakthrough (VBT) was defined as an increase over 1 log 10 IU/mL of serum HBV DNA levels from the nadir during the therapy or serum HBV DNA levels >200 IU/mL in patients who experienced VR.
Statistical analyses
HBV DNA levels were logarithmically transformed for analysis. The Mann-Whitney U-test for continuous variables and chi-squared test for categorical variables were used in the analyses as appropriate. A repeated measures analysis was used to compare HBV DNA reduction according to the drug used. Cumulative VR and VBT rates were calculated using the Kaplan-Meier method, and the difference was determined by a log-rank test. The multivariate logistic regression model and Cox proportional hazards model were used to identify the independent risk factors significantly associated with short-term and long-term VR, respectively. Candidate variables with a P value of < 0.1 on univariate analysis were entered into the regression analysis. A P-value of less than 0.05 was considered significant. Statistical analyses were performed using SPSS, version 16 (SPSS, Inc, Chicago, IL).
To reduce and control any confounding factors before receiving the treatment, we used the propensity scores to match TDF users to ETV users. A macro (available at: http://www2.sas.com/proceedings/sugi26/p214-26.pdf ) was used to develop the propensity scores.
Results

Baseline patient characteristics
Among 345 patients, the propensity-matched 105 patients in each group were included (1:1). The baseline characteristics of the study population are summarized in Table 1 .
One hundred thirty one (62.4%) patients were men and the mean age was 46.2 ± 12.0 years. Eighty four patients (40%) had had cirrhosis and 121 patients (57.6%) were positive for HBeAg. The mean HBV DNA levels and ALT levels were 6.61 ± 1.30 log 10 IU/mL and 205.9 ± 351.5 IU/ L, respectively. There was no difference in the baseline characteristics between the TDF and ETV groups. On average, patients were treated for 25.3 (12-39) months. Figure 1 shows the changes in the mean HBV DNA levels during the first 12 months. Overall, serum HBV DNA levels continuously declined, and the overall mean changes at months 3, 6 and 12 were −4.26 log 10 IU/mL, −4.89 log 10 IU/mL and −5.12 log 10 IU/mL, respectively (Fig. 1a) . The mean reduction in serum HBV DNA levels from baseline to month 12 was similar in the ETV and TDF groups (−5.01 vs.−5.22 log 10 IU/mL, P = 0.559) using a repeated measure analysis (Fig. 1b) . During the first year of therapy, VR (HBV DNA levels < 20 IU/mL) and primary non-response were observed in 161 (76.7%) and 0 patients (0%), respectively. One hundred fifty of 184 patients who had shown elevated serum ALT levels at baseline achieved a normalization of serum ALT levels (81.5%). During the first year of therapy, HBeAg loss/seroconversion occurred in 18 of 121 (14.9%) HBeAg-positive patients.
Therapeutic responses
There were no significant differences in the virologic, serologic and biochemical responses at year 1 between two groups ( Table 2 ). The mean reduction in serum HBV DNA levels from baseline to month 12 was similar between the ETV and TDF groups (−5.54 vs.−5.78 log 10 IU/mL, P = 0.159), even in the HBeAg-positive patients (Fig. 2a) . Although HBV DNA levels were more strongly suppressed by TDF than by ETV (−5.92 vs. −5.78 log 10 IU/mL, P = 0.022) in the HBeAg-positive subgroup with higher HBV DNA levels (Fig. 2b) , the type of antiviral used was not an independent factor for VR. During the mean long-term therapy period of 25.3 months, the virologic and serologic responses were additionally achieved in 22 and 10 patients, respectively. Persistent viremia was observed in 26 patients, consisting of 17 patients (16.2%, 17/105) in the ETV group and 9 patients (8.6%, 9/105) in the TDF group.
The cumulative VR rates at 3, 6, 12, 24 and 36 months were 20%, 54%, 79%, 86% and 91%, respectively, during the follow-up period (Fig. 3a) . The cumulative VR rates in the ETV group at 3, 6, 12, 24 and 36 months were 21%, 55%, 75%, 84% and 87%, respectively, whereas, in the TDF group, the rates at 3, 6, 12, 24 and 36 months were 19%, 52%, 83%, 91% and 94%, respectively. These differences were not significant ( Fig. 3b , P = 0.222). The cumulative VR rates in the HBeAg-negative subgroup also showed no significant difference between the ETV and TDF groups (89%, 96% and 100% vs. 76%, 98% and 100% at 6, 12 and 24 months, respectively, P = 0.819). However, in the HBeAg-positive subgroup, the cumulative VR rates in the ETV group at 6, 12, 24 and 36 months were 28%, 57%, 70% and 77%, respectively, whereas the rates in the TDF group at 6, 12, 24 and 36 months were 37%, 73%, 84% and 91%, respectively, with significant difference between two groups (P = 0.035, Fig. 3c ). This finding was conspicuous in another subgroup of HBeAg-positive CHB with higher HBV DNA levels (20%, 53%, 68% and 68% at 6, 12, 24 and 36 months in ETV group vs. 32%, 71%, 83% and 90% at 6, 12, 24 and 36 months in TDF group, respectively, P = 0.012, Fig. 3d ).
Predictive factors for virologic response
A multivariate logistic regression model was used to identify the independent risk factors significantly associated (Table 3 ). In the multivariate analysis, only IVR-3 remained independent predictors for one year VR (Table 4) . A cox proportional hazards model was used to identify the independent factors for long-term VR. In the multivariate analysis, HBeAg status, serum HBV DNA levels and IVR-3 were identified as predictive factors for longterm VR (Table 5) .
Predictive factors on the long-term efficacy
Sixty seven patients (31.9%) had low baseline serum HBV DNA levels (<6 log 10 IU/mL), 173 patients (82.4%) showed IVR-3 and 89 patients (42.4%) were negative for HBeAg. The patients with low serum HBV DNA levels, IVR-3 or HBeAg negativity had a significantly higher probability of achieving a VR. In patients with low baseline serum HBV DNA levels, the cumulative VR rates were 84%, 94%, 97% and 100% at 6, 12, 24 and 36 months, which were in contrast with the rates, 40%, 72%, 80% and 83% in patients with high baseline serum HBV DNA levels (P < 0.001, Fig. 4a) . The cumulative VR rates were 64%, 89%, 94% and 100% in patients with IVR-3 and 5%, 32%, 46% and 51% in patients without IVR-3 at 6, 12, 24 and 36 months, respectively (P <0.001, Fig. 4b) . A similar pattern was observed according to HBeAg status (P < 0.001). Virologic breakthrough during long-term therapy VBT was experienced in 13 patients, with cumulative rates of 1%, 4% and 11% at 12, 24 and 36 months, respectively. There was no significant difference in the cumulative rates between the ETV and TDF groups (2%, 5% and 12% vs. 1%, 4% and 7% at 12, 24 and 36 months, respectively, P = 0.333). VBT developed in 9 cases in the ETV group and in 4 cases in the TDF group. The majority (11/13, 85%) of VBT was related to medication adherence. As expected, mutations associated with drug resistance were detected in 2 patients in the ETV group (L180M+ M204V + S202G).
Adverse effects
No serious adverse effects such as lactic acidosis or increase in serum creatinine levels were reported in any of the patients in either treatment group. No adverse effects leading to discontinuation of therapy occurred during the whole treatment period. During the follow-up period, 6 patients (5.7%) in TDF group and 7 (6.7%) in ETV group were diagnosed with HCC. The incidence of HCC according to the type of treatment was not different. All of them except two patients were already cirrhotic patients before antiviral treatment, the patients diagnosed with HCC were significantly older than without HCC at the beginning of antiviral treatment (54.2 ± 8.5 vs. 45.7 ± 12.0, P = 0.014).
Discussion
The risk of cirrhosis and/or HCC in CHB increases proportionally as serum HBV DNA levels increase [5, 6] . This finding suggests that sustained suppression of HBV replication with anti-HBV therapy may successfully prevent the progression of chronic liver diseases. Thus, the suppression of HBV replication should be considered the most important therapeutic goal for CHB patients in clinical settings. Currently, ETV and TDF are the most commonly used HBV drugs due to their excellent potency and higher genetic barrier. However, there is limited information on the comparative efficacy of these drugs, and only one drug-to-drug comparison study has been conducted thus far [19] . Although there have been, Fig. 3 Cumulative virologic response (VR) rate. a Cumulative VR rates at 3, 6, 12, 24 and 36 months were 20%, 54%, 79%, 86% and 91%, respectively. b Cumulative VR rates were not significant different between the two groups (P = 0.222). c Cumulative VR rates of tenofovir group were higher than those of entecavir group, in the hepatitis B e antigen (HBeAg) positive patients. d The difference of cumulative VR rates was more evident in HBeAg-positive patients with a higher hepatitis B virus DNA levels (>6 log 10 IU/mL) so far, a few studies evaluating the efficacy of ETV and TDF in treatment-naïve CHB, they included only a limited number of patients or only showed a short-term efficacy [20] [21] [22] [23] [24] [25] . Futhermore, most previous studies were retrospective and not randomized, some of them showed different baseline characteristics-such as age, gender or liver disease severity. The present study was also not a randomized controlled trial, but the limitation was complemented by using propensity score. The present study enrolled an adequate number of the treatment-naïve CHB patients and followed these patients for a sufficient time period (up to 39 months) to directly compare the efficacy between ETV and TDF. Of note, in this study, the majority of patients had a VR over 90% after 36 months of therapy. Among HBeAg-positive patients, the cumulative VR rates at month 12 in our study (75% in ETV and 83% in TDF) are comparable with previous global multicenter trials of 67% and 76%, respectively. These results were also comparable in HBeAg-negative patients (97% vs. 90% in ETV; 98% vs. 93% in TDF, respectively) [9, 10, 12] . In this study, ETV and TDF showed similar overall antiviral efficacy both for one year and during the long-term follow-up. These results were similar to previous studies [21] [22] [23] 25] . However, our subgroup analysis indicated that TDF was significantly better than ETV for suppressing HBV DNA in HBeAg-positive patients, especially with higher HBV DNA levels. There were a few studies which TDF showed more potent antiviral efficacy than ETV in HBeAgpositive patients [24, 26] . When comparing our study with these previous studies, the present study included only treatment-naïve patients and who had been adherent to medication therapy for at least one year. Patient adherence may contribute to achieve comparable overall VR at month 12 and during long-term period in both groups.
Another interesting finding in the present study is the prognostic role of IVR-3, which is a good predictive factor for both short-term and long-term VR. Higher baseline ALT, lower HBV DNA levels and HBeAg-negative status are already well known to be associated with VR. In addition to these factors, our finding suggested that IVR-3 was also able to predict VR very well. In fact, cumulative VR rates in patients achieving IVR-3 was significantly higher than in patients without IVR-3 (100% vs. 51% at 36 months, RR 3.403, 95% CI 1.977-5.849, P < 0.001). Surprisingly, the predictive value of IVR-3 was much higher than those of previously known factors, such as HBeAg status and HBV DNA levels. Pragmatically, IVR-3 combined with HBeAg and HBV DNA levels may help to predict long-term VR and determine whether to maintain primary therapy or switch to other regimens. Multi-center, long-term studies using ETV and/or TDF have shown excellent safety and tolerance with little antiviral resistance (1.2% in ETV and 0% in TDF up to 5 years). In our study, there was no serious clinical adverse reaction in the two treatment groups. However, even though the patient had achieved VR, HCC was developed in 5.7% of patients receiving TDF and 6.7% of ETV. Considering the risk of developing HCC is appears to be greatest among individuals with the highest serum HBV DNA levels, the introduction of nucleos(t)ide analogues has contributed to reduce the risk of HCC. The reason why the incidence of HCC was higher than previous studies was that the present study included a large number of cirrhotic patients. Cirrhosis has been well known risk factor for HCC. Actually, all patients diagnosed with HCC in this study were cirrhotic patients, except two patients. Our finding confirmed that old and cirrhotic patients should be carefully undergone surveillance for HCC regardless of achieving VR.
It should be considered that poor medication adherence is a major cause of suboptimal response and/or VBT that tends to be increasingly prevalent in proportion to the duration of therapy [27] [28] [29] [30] [31] . In the current study, overall cumulative VBT rates were 1%, 4% and 11% at 12, 24 and 36 months, respectively, which was primarily related to medication adherence. Only two patients showed resistance in the ETV group. Fig. 4 Cumulative virologic response (VR) rate according to HBV DNA levels and IVR-3. a Cumulative VR rates in the patients with high baseline serum HBV DNA levels at 6, 12, 24 and 36 months were 40%, 72%, 80% and 83%, respectively. They were 84%, 94%, 97% and 100%, respectively, in the patients with low baseline serum HBV DNA levels. b Cumulative VR rates in the patients without IVR-3 at 6, 12, 24 and 36 months were 5%, 32%, 46% and 51%, respectively. And in the patients with IVR-3, they were 64%, 89, 94 and 100%, respectively
Our study has some limitations. First, the study was retrospective and non-randomized. However, we adjusted this shortcoming by using propensity score to minimize the influence of the baseline characteristics. This process made our outcomes to be more reliable. Second, in the process of matching the patients, the sample size was decreased and the follow-up period was shortened. Nevertheless, each group included over 100 patients and the follow-up period was up to 39 months. This is comparable with the most recently published, randomized controlled trial to compare treatment efficacy of ETV and TDF in treatment-naïve CHB patients [32] . Third, the study may not be generalizable to other ethnic groups because we included only Asian patients (Koreans) who were infected by mainly HBV genotype C.
To date, randomized controlled or well matched comparative studies regarding the efficacy of TDF or ETV in treatment-naïve CHB patients were very rare. Therefore, it is necessary to conduct direct comparisons of a prospective nature with larger numbers of patients and longer period of treatment.
Conclusions
TDF and ETV showed comparable efficacy and safety during 3 years in treatment-naïve CHB patients. We found that IVR-3 was predictive factor on long-term efficacy in addition to HBV DNA levels and HBeAg status. The present study suggested that TDF might be the more potent option in a subgroup of HBeAg-positive CHB, especially with higher HBV DNA levels. VBT occurred with similar rates in both groups, and was primarily the result of medication nonadherence. Old and cirrhotic patients should be carefully undergone surveillance for HCC regardless of achieving VR. 
